The effect of multivariate adjustment including folate on the strong protective effect of fiber in foods on colorectal cancer risk in the European Prospective Investigation into Cancer and Nutrition was investigated in 1,721 cases identified in the latest follow-up. The inclusion of an additional 656 cases confirmed our previously published results, with a strong and significant reduction in colorectal cancer risk of f9% for each uncalibrated quintile increase in fiber (P linear trend < 0.001) compared with an 8% reduction in our previous report, which had not been adjusted for folate. Inclusion of the other covariates (physical activity, alcohol, smoking, and red and processed meat) confirmed this significant inverse association for colon cancer and strengthened the association with left-sided colon cancer (P < 0.001). After maximum adjustment, the association between fiber and rectal cancer was not significant, as in our previous analysis. The association with fiber from different food sources was analyzed, but again, there were no significance trends after maximum adjustment. (Cancer Epidemiol Biomarkers Prev
Introduction
In the largest prospective study on diet and cancer thus far conducted, the European Prospective Investigation into Cancer and Nutrition (EPIC), dietary fiber from foods was inversely related to incidence of large bowel cancer (1) . However, it has been argued that studies in European populations are more prone to confounding by folate intake because folic acid fortification of cereals is not mandatory (2) . A further contention is that the reason for the discrepancy between the results from this large European study and those from intervention and prospective studies elsewhere was that no adjustment for folate intake was made (2) . Therefore, we investigated this supposition in the EPIC study, utilizing our data from a more recent follow-up of 1,721 cases for whom data on intake of folate from foods was available. In addition, we have investigated the suggestion that it is fiber from fruit, rather than total fiber, that is protective in colorectal cancer.
Materials and Methods
Outline. The total EPIC cohort consists of subcohorts recruited in 22 centers in 10 European countries: Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, United Kingdom, allowing comparisons between areas with very different rates of cancer occurrence and distribution of lifestyle and food habits. Food-related questionnaires and lifestyle and personal questionnaires, as well as anthropometric measurements, were collected from all subjects at the time of enrollment in the cohort. Methods were reported in full by Riboli et al. (3) .
Study Subjects. The 519,978 eligible study subjects were mostly aged 25 to 70 years and recruited from the general population residing in a given geographic area, a town or a province. Exceptions were the French cohort (based on female members of the health insurance for state school employees), the Utrecht cohort (based on women attending breast cancer screening), the Ragusa cohort (based on blood donors and their spouses), and most of the Oxford cohort (based on vegetarian volunteers and healthy eaters). Eligible subjects were invited to participate in the study by mail or by personal contact. Those who accepted gave informed consent, and diet and lifestyle questionnaires were mailed to them to be filled in. Anthropometric measurements, including height, weight, waist, hip, and sitting height, were obtained as described elsewhere (3) .
Diet and Lifestyle Questionnaires. Following the results of several methodologic studies conducted in the early 1990s, diet was measured by country-specific questionnaires designed to capture local dietary habits and to provide high compliance. Seven countries adopted an extensive self-administered dietary questionnaire, which provided data on up to 300-to 350-food items per country. In Spain and Sicily, a dietary questionnaire, very similar in content to the above but administered by direct interview, was used. A food frequency questionnaire and a 7-day record were adopted in the United Kingdom. The food frequency questionnaire was used in this analysis. The lifestyle questionnaires included questions on education, occupation, leisure and job-related physical activity, history of previous illness and disorders or surgical operations, and lifetime history of consumption of tobacco and alcoholic beverages.
End Points. The follow-up was based on population cancer registries in seven of the participating countries: Denmark, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom. A combination of methods, including health insurance records, cancer and pathology registries, and active follow-up through study subjects and their nextof-kin, was used in three countries-France, Germany, and Greece. Mortality data are also collected from either the cancer registry or mortality registries at the regional or national level. By April 2004, for all centers using cancer registry data, reports to the IARC represented complete follow-up until December 2000 (Asturias, Murcia, Bilthoven, and Cambridge), 2001 (Italy, Granada, Navarra, San Sebastian, Oxford, Norway, and Malmo), 2002 (Umea, Denmark, and France), or 2003 (Utrecht). In Turin, the follow-up was completed until December 1999. For the three countries using individually based follow-up, the end of the follow-up was considered to be the last known contact, or date of diagnosis, or death.
The 10th Revision of the International Statistical Classification of Diseases, Injuries, and Causes of Death was used. Mortality data were coded following the rules of ICD-10, and cancer incidence data following ICD-0-2. Cancer of the rectum included tumors occurring at the rectosigmoid junction (C19) and rectum (C20). Anal canal tumors were excluded. Right colon tumors included the cecum, appendix, ascending colon, hepatic flexure, transverse colon, and splenic flexure (C18.0-18.5). Left colon tumors included the descending and sigmoid colon (C18.6-18.7). All colorectal incident cases (ICD-0-2 C18, C19, and C20) with dietary data were included, but prevalent cases were excluded.
Statistical Methods. Detailed descriptions of the statistical methods used are described in the original publication (1) . For this analysis, sex-specific cohort-wide quintiles of total dietary fiber and fiber from different sources were used. Data from individuals in the top and bottom 1% of the ratio of energy intake to estimated energy requirement (calculated from age, sex, and body weight) and from the top 1% of sexspecific fiber intakes were excluded from the analysis to reduce the impact of implausible extreme values. Results are reported using Cox regression, stratified by center to control for different methods of fiber analysis used in European food 
Results
There were 2,279,075 person-years in 6.2 average years of follow-up (3-8.4 years) since 1992, and 1,826 colorectal cancer cases; 1,178 tumors were located in the colon and 648 were rectal tumors; 523 colon cancers were located on the right side, and 476 on the left side of the colon. The analyses presented here are based on 1,721 cases because folate intake in participants from Greece and Heidelberg was not available in the central data set. Baseline characteristics by quintile of fiber intake are shown in Table 1 . Age was positively associated with fiber intake in women and inversely in men. Body mass index was inversely related with fiber intake in men only. Physical activity was positively related with fiber intake, whereas smoking, alcohol, and red meat intakes were inversely related to fiber intake. Trends for folate by quintile of dietary fiber were significant because of a significant correlation between the two (Spearman partial correlation coefficient adjusted for age, energy intake, and center, r = 0.35 men, r = 0.28 women). Partial correlation coefficients between fiber from vegetables and folate intake were also positive (0.55 men, 0.61 women), as were fiber from fruits (0.25 men, 0.27 women) and from legumes (0.21 men, 0.34 women). The partial correlation coefficients between cereal fiber and folate were heterogeneous (0.09 men; À0.21 women overall EPIC; negative or close to zero in France, Italy, and Spain; and of similar value to the correlation with fiber from fruits and legumes in the remaining countries). Table 2 shows hazard ratios for 1,721 cases adjusted as in the previously published report. The inclusion of an additional 656 cases confirmed our previously published results, with a strong and significant reduction in colorectal cancer risk of f9% for each quintile increase of fiber (P linear trend < 0.001) compared with an 8% reduction in our previous report (1) . As before, the reduction in risk was apparent at the third quintile of fiber intake of approximately >20 g of fiber per day compared with <16 g/d. Adjustment for folate, in addition (base model plus folate), did not materially alter the results for colon cancer but the inverse association with left-sided colon cancer was slightly strengthened. Results for right-sided colon cancer were not significant, as before. Adjustment for folate did not materially affect results for rectal cancer. Results were not changed when use of educational levels (five categories) or multivitamins (yes/no) was also included; for example, the hazard ratio for colon cancer for the highest versus lowest quintile of fiber was 0.74 (confidence interval, 0.56-0.98). Results were consistent across countries (P heterogeneity = 0.72; Fig. 1 ).
In the maximally adjusted model, inclusion of the other covariates (physical activity, alcohol, smoking, and red and processed meat) with folate strengthened the results for leftsided colon cancer (P < 0.001). After maximum adjustment, the association between fiber and rectal cancer was not significant, as in our previous analysis. Table 3 shows hazard ratios for colorectal cancer by different types of fiber. With more cases, the hazard ratios remained essentially the same for all types of fiber as before (1), although the trends became significant for fiber from cereals (P = 0.01) and from fruit (P = 0.04). Adjustment for folate (base model plus folate) did not materially affect categorical results, although the trend for fiber from fruit became nonsignificant. In the maximally adjusted model, the hazard ratios and the trend for fiber from cereals also became nonsignificant. In the maximally adjusted model, hazard ratios for fruit fiber were statistically significant for the 2nd, 3rd, and 5th quintile of intake compared with the 1st quintile, but the trend for fiber from fruits was not significant.
Discussion
Our original publication was the largest prospective study published to date on fiber in food in colorectal cancer prevention (1) . The size of the study allowed analysis by subsite and, furthermore, the detailed dietary analysis of heterogeneous populations allowed some correction for measurement error in dietary intake, a problem that has increasingly caused concern in nutritional epidemiology in relation to cancer (4, 5) . These results have, however, been questioned because no adjustment was made for dietary folate (2) . The present report in which an even larger number of cases was included confirms our original results of a strong protective association between fiber intake in food and risk of colon cancer. Furthermore, hazard ratios were somewhat strengthened for left-sided colon cancer. Contrary to the suggestion that results for colorectal cancer would be confounded by folate intake in this European population, adjustment for folate did not modify our findings.
A recent editorial (6) on the finding of a null association of fruits and vegetables with cancer risk in two cohort studies raises the problem of multivariate modeling in the presence of measurement error and weak associations. Although prospective epidemiologic evidence to date does not provide strong support for a protective association between fruit and vegetable intake and cancer, ''. . . it is important to be alert to the possibility that findings emerging from new, large cohort studies could shift the preponderance of the evidence, as may be occurring with the dietary fiber-colorectal cancer association'' (6) . In our report, we showed that the protective association of fiber with colon cancer is observed in both less and more adjusted models. As stated in the editorial, efforts should be made to study diet and cancer in populations with a wide range of dietary intake, because it is the ratio of interindividual variation to intraindividual measurement error that determines the magnitude of relative risk distortion. Such was the approach behind the EPIC study (7) .
Although calibration was previously shown to considerably strengthen associations with fiber and colorectal cancer, in this report, which specifically addresses the issue of confounding factors, results were essentially the same as previously published; therefore, we have not calibrated our results. We have presented more detailed results of our previous findings on the effect of other suggested confounders, which were reported before. In our previous report, there was no effect of Figure 1 . Multivariate hazard ratio (HR) and 95% confidence intervals (95% CI) of colorectal cancer for dietary fiber in EPIC cohorts. Cox regression using age, sex, energy from nonfat sources (continuous variable), energy from fat sources (continuous variable), height and weight (tertiles defined for each sex and center), folate, physical activity (five categories), alcohol consumption (g/d), smoking status (never, former, current smoker, missing), and intake of red meat and processed meat. adjustment for physical activity, alcohol, smoking status, and red and processed meat in colon cancer (1) , whereas in the current analysis this adjustment has minor effects. Further investigation of the use of multivitamin tablets in this European population did not modify our conclusions either. Our former results for rectal cancer were weaker than for colon cancer results and in this report, when fully adjusted, were substantially weakened.
In our first report, we were unable to attribute the effects of fiber to any particular food source. It has been suggested that fiber from fruit is more strongly associated with protection from colorectal cancer than fiber from all sources (2) . However, in this EPIC population, trends with fiber intake from fruits were not significant. The effect of fiber from cereals was statistically significant but the significance was lost in the maximally adjusted model. Any mechanism whereby fruit fiber should protect against colorectal cancer is not established but is unlikely to be folate because adjustment for folate had little effect on our results. Abbreviation: NC, not computed. *The ranges are based on the food frequency questionnaires, and the means are estimated from 24-hour recall data from participants in the calibration study. Mean fiber from legumes from 24-hour recall was not computed for the 1st and 2nd quintile because of many zero or extreme values. cFrom published results (1) . bBase: Cox regression using age, sex, energy from nonfat sources (continuous variable), energy from fat sources (continuous variable), height and weight (tertiles defined for each sex and center), and stratified for center (same adjustment as in ref . 1).
x Base + folate: Same covariates as base and folate. k Maximally adjusted: Same covariates as base + folate and physical activity (five categories), alcohol consumption (g/d), smoking status (never, former, current smoker, missing), educational level, and intake of meat and processed meat.
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